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Abstract

Model 5365 is a 1/8.25th scale representation of the R/V Athena. This report documents both a
new set of resistance, sinkage and trim, and longitudinal wave cut experiments as well as historical
calm water resistance and sinkage and trim data which have been obtained on this model over the past
few decades. The new resistance data were obtained in October and November of 2006 on Carriage 2
at the Naval Surface Warfare Center, Carderock, Division. In these experiments drag force was
measured using both 6-component Kistler gages and a "traditional" block gage at the tow post
location, as well as a Kistler gage located at the grasshopper bracket model attachment point. An in-
situ calibration was also performed in order to verify loads at the tow post and grasshopper bracket
location when a known load was applied to the system. Video and still digital cameras were also used
to qualitatively characterize the wave field during the runs.
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Introduction

Model 5365 has recently been used by the Office of Naval Research (ONR) as the chosen hull
form geometry to evaluate predictive Computational Fluid Dynamics (CFD) codes. (1,2) Two features
of this model design have contributed to increasing interest in this hull form for CFD validation: the
large speed range of the model, corresponding to 6 - 35 knots full scale representing a Froude number
range from 0.14 - 0.83, and the transom stem geometry of the hull form which is realistic of a naval
combatant. The model was tested prior to this in October 2004. (3) At that time the resistance
measurements were called in to question because they were lower than those obtained in previous
experiments. One of the goals of the experiment documented in this report was to repeat those
resistance experiments while trying to document any "missing" sources of resistance.

In conjunction with the model tests, three full-scale experiments were performed on the R/V



Athena. The objective of these experiments was to quantify the free surface wave field, including
areas of breaking waves, around the vessel. The experimental data was obtained using a laser light
sheet technique called Quantitative Visualization.(4,5,6)

Model Description

Model 5365 is a 1/8.25 scale model of the R/V Athena, shown in Figure 1. The R/V Athena is
a converted PG-84 Asheville-class patrol gunboat which is operated out of Naval Surface Warfare
Center - Panama City Division as a high speed research vessel. The model, built in 1979, was
constructed out of wood. The model has been refurbished over its life time, and in 2002 it was
measured using NSWC's laser tracker model measurement system. The detailed measurements of the
model, shown in Figure 2, reveal an asymmetry in the hull in the region of the stem, on the starboard
side of the model. This as-measured geometry is available from NSWCCD by request.

Fieure 1 - RV Athena

Figure 2 - Laser Tracker Surface Measurements of Model 5365 (largest deviation is 1.0 mm
(0.04 inches) shown in red)

The model was painted yellow on the port side to facilitate still and video photography, and
black on starboard side, providing a non-reflective surface for Q-Viz laser measurements. Turbulence
studs were placed on the model along a line parallel to the stem and 2 inches aft of it. The turbulent
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studs are acrylic cylinders, 1/8" high, with a diameter of 1/8". Table 1 shows the model and full-scale
hull form characteristics. The model was tested at a displacement condition corresponding to the
displacement of the full scale Athena as tested during the 2004 ONR Athena Field Test. (5)

Table 1 - Model 5365 and Full-Scale (R/V Athena) Hull Form Characteristics

Model Scale Full Scale
Displacement 397 kg (875 lbs) 229 metric tons

(225 long tons)
Draft (hull) 0.19 m (0.618 ft) 1.6 m (5.1 ft)
Maximum Beam 0.84 m (2.74 ft) 6.9 m (22.6 ft)
Transom Beam 0.70 m (2.3 ft) 5.8 m (19.0 ft)
LBP 5.69 m (18.67 ft) 46.9 m (154.0 ft)
Scale Ratio 8.25

Model Resistance Measurements

In order to obtain model resistance measurements, and to answer questions raised about
possible "stiction" when the model was tested in 2004, the model was outfitted with both "traditional"
block gages and six-component force and moment "Kistler" gages. Photographs of the block gage and
Kistler gages intstalled at the model tow post and at the grasshopper, are shown in Figures 3 and 4.

Block Gage

Tow Post

Kietler Gage

Figure 3 - Kistler Gage and Block Gage Installed at the Forward Tow Post Location
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--Grasshopper

Bracket

Kistler Gage

Figure 4 - Kistler gages mounted at the grasshopper location

Block Gage Calibration:

Block gage calibrations are done in the calibration lab located in Bldg. 4E at NSWCCD. A
weight pan is attached to a pulley and connected to the block gage, as shown in Figure 5. A computer
collects 5-second samples of data as 20-lb calibrated weights are added to the weight pan. The weights
are added and then removed, with the process being repeated three times. A least-squared fit of the
data is produced, resulting in a calibration factor which is used in the data collection and analysis
program.

Figure 5 - Block Gage Calibration Stand
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Kistler Gage Calibration: Calibration and Uncertainty Analysis for Kistler
Gages 2002-3 and 2002-4

The "Kistler Gage" dynamometer was constructed using four Kistler force sensors capable of
measuring force in 3 axes. The sensors were sandwiched between two plates of 1-inch thick heat-
treated 17-4 stainless steel and preloaded as per manufacturer's specification. The voltages were
recorded using a data record computer. The gage assembly is shown in Figure 6.

5.250 2.375

0 0

0
Sensor I Sensor_

0
0

2.000

0x
o g
0 Z

Gage coordinate
system

Fx3

Sensor 3 Sensor 4

0 0

Gage layout and assembly

Figure 6 - Kistler Gage Dynamometer

To calibrate the dynamometer, calibrated dead weights were placed at specified load points.
The input load and the output voltages were recorded for each load. Each axis was loaded in force and
moment independently for a total of approximately 140 load points. The measurements were averaged
for 2 seconds at 100 Hz sample rate. The voltages were converted to engineering units using the
single axis calibrations performed prior to assembly of the gage. Since the sensor coordinate system
did not always align with the gage coordinate system the forces from the sensors were rotated into the
gage coordinate system. The forces and moments on the gage assembly were calculated using the
following equations:

Fx sumFx1 + Fx2 + Fx3 + Fx4

5



Fy 5 m = Fyl + Fy2 + Fy3 + Fy4
Fz sum = Fzl + Fz2 + Fz3 + Fz4

Mx sum = Ry * (-Fz I + Fz2 - Fz3 + Fz4)
My sum = Rx * (-Fz I - Fz2 + Fz3 + Fz4)
Mz sum = Ry * (Fx1 - Fx2 + Fx3 - Fx4) + Rx * (Fy1 + Fy2 - Fy3 - Fy4)

The input loads and the calculated forces and moments above were used to generate an
interaction matrix, A-, using Pseudo Inverse Technique as shown below.

F sum = F * A
A-' ((FT* F)-1 * FT* Fsum)-'

Where:
F sum = a (6 x N) matrix containing forces and moments calculated from voltages
F = a (6 x N) matrix containing applied loads (forces and moments)

Then to derive an applied load given measured voltages:

F = F sum * A'

The error of the measurements was calculated:

Error = F - F sum

Table 2 and Table 3 below summarize the calibration results of each gage. The max and min
values represent the maximum and minimum errors over the whole range of the calibration. The
largest error in forces for the Is' gage (2002-3) was 0.39% and in moments it was 1.12%. For the 2nd

gage (2002-4) the largest error in forces was 1.42% and in moments it was 0.57%.

Table 2 - Calibration results for Kistler Dynamometer Serial 2002-3

Serial FX FY FZ MX MY MZ
2002-3 (lbs) (lbs) (lbs) (ft-lbs) (ft-lbs) (ft-lbs)
Range 400 400 765.4 100 200 150

%Error
Max 0.24 0.13 0.03 0.15 0.27 0.21
Min -0.27 -0.39 -0.20 -1.12 -0.27 -0.33

FX FY FZ MX MY MZ
ERROR (lbs) (Ibs) (Ibs) (ft-lbs) (ft-lbs) (ft-lbs)
MAX 0.97 0.53 0.23 0.15 0.55 0.32
MIN -1.07 -1.56 -1.51 -1.12 -0.54 -0.49
STDEV 0.29 0.38 0.40 0.13 0.15 0.15
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Table 3 - Calibration results for Kistler Dynamometer Serial 2002-4

Serial FX FY FZ MX MY MZ
2002-4 (lbs) (lbs) (lbs) (ft-lbs) (ft-lbs) (ft-lbs)
Range 100 100 400 100 100 150

%Error
Max 1.42 1.27 0.10 0.32 0.23 0.40
Min -0.74 -0.57 -0.22 -0.24 -0.57 -0.27

FX FY FZ MX MY MZ
ERROR (Ibs) (Ibs) (Ibs) (ft-lbs) (ft-lbs) (ft-lbs)
MAX 1.42 1.27 0.38 0.32 0.23 0.60
MIN -0.74 -0.57 -0.87 -0.24 -0.57 -0.41
STDEV 0.33 0.37 0.25 0.07 0.15 0.17

In-Situ Calibration:
An in-situ calibration was performed for the single tow post with grasshopper towing

arrangement. The model was pulled from a location in stem as shown in Figure 7. Successive,
calibrated, twenty-pound weights were added to the pan balance, which was located in the dry-dock,
until one hundred pounds was reached, and then the calibration weights were successively removed.
Figure 8 presents the results from this in-situ calibration. The errors from the in-situ calibration were
largest for the block gage and aft Kistler, accounting for as much as 4 % of the total load. The error
for both gage sums (forward and aft Kistler, and block gage and aft Kistler) decreases as the load
weight is increased. The errors emerging from the in-situ calibrations were not large enough to
account for the unusually low resistance measured at the tow point during the 2004 experiments, but
they did justify measuring drag forces at both the tow post and the grasshopper during this set of
experiments. - Cable for

applying "ow
force"

Dry-dock door

Cable
for
Im Weight pan to

force" hold
calibration
weights

Figure 7 - In-Situ calibration Set-up
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In-Situ Calibration with Block and Kistler
Gages

5

_----Avg Fwd and Aft
Kistler error (% of

S3 load)

2-- 2 - Avg Block gage

1-O and Aft Kistler
_ _ __ •error (% of load)S0

0 50 100

load weight (pounds)

Figure 8 - In-Situ Calibration Results from Free-to-Sink and Trim model

Discussion of Model Resistance Results:

The current set of resistance data has been plotted with the historic data and is presented in
Figure 9. The new data are consistent with the data obtained in 1979 (7) at a slightly higher model
displacement. The resistance data is presented in tabular form in Tables 4 and 5. The data for both the
block gage and the Kistler gages are shown here. The largest difference between the two different
gage summations, over the entire speed range, was 1.4% at a speed corresponding to 9 knots full scale
(in data set 2.)

--- 1991 Fully Appended with
Model 5365 Historic Resistance Data Skeg, Shafts, Struts and

Rudders
120.0 -..- 2004 - 225 LT, no skeg, drag
100.0- .instrumentation problem

80.08 0. 1979 Free S&T 214 LT,
.0 w/Skeg

--- 1979 Fixed S&T, 214 LT,40.0- w/Skeg

20.0 -
2006 Free S&T. 225 LT, no0.0 -[ skeg (1 st Set of Runs)

0.0 10.0 20.0 30.0 40.0 50.

Full Scale Speed (knots) -.- 2006 Free S&T, 225 LT, no
Ss/eg_ (Duplicate RunsI

Figure 9 - Historic Resistance Data
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Table 4 - Free-to-Sink-and-Trim Drag Data with Block Gage and Kistler Gage
Instrumentation; Data Set 1

Speed Block Fwd Aft FWD + BGDrag
Full- Model Fr Gage Kistler Kistler AFT +Aft

Scale Scale Drag Drag Drag Kistler Kistler
(ktL) (kts) (lbs) (lb.) (lbs) (lbs) (lba)

6.0 2.09 0.14 2.94 2.94 -0.05 2.9 2.9
9.0 3.13 0.21 6.85 6.86 0.09 6.9 6.9
10.5 3.66 0.25 9.75 9.80 0.01 9.8 9.8
12.0 4.18 0.29 12.84 12.92 0.06 13 13
15.0 5.22 0.36 19.04 19.15 0.03 19 19
18.0 6.27 0.43 30.32 30.53 -0.11 30 30
22.0 7.66 0.53 44.69 45.02 -0.31 45 44
25.8 8.98 0.62 54.71 55.24 -0.38 55 54
30.0 10.44 0.72 66.32 67.09 -0.49 67 66
35.0 12.19 0.83 81.67 82.37 -0.38 82 81

Table 5 - Free-to-Sink-and-Trim Drag Data with Block Gage and Kistler Gage
Instrumentation; Data Set 2

Speed Block Fwd Aft FWD + BGDrag
Full- Model Fr Gage Kistler Kistler AFT +Aft

Scale Scale Drag Drag Drag Klstler Kistler
(kts) (kts) (lbs) (lbs) (lb.) (lb.) (lb.)
6.0 2.09 0.14 2.86 2.88 -0.05 2.8 2.8
9.0 3.13 0.21 6.73 6.78 0.17 7.0 6.9
10.5 3.66 0.25 9.67 9.75 0.07 9.8 9.7
12.0 4.18 0.29 13.05 13.13 -0.06 13 13
15.0 5.22 0.36 19.04 19.18 0.14 19 19
18.0 6.27 0.43 30.72 30.87 -0.07 31 31
22.0 7.66 0.53 45.27 45.54 -0.31 45 45
25.8 8.98 0.62 55.40 55.91 -0.37 56 55
30.0 10.44 0.72 66.47 67.12 -0.40 67 66
35.0 12.19 0.83 82.36 83.08 -0.42 83 82

Model Sinkage and Trim Measurements

Model sinkage and trim measurements were made using two string potentiometerss attached to
the model from the centerline tow beam. Eye screws were used to attach the strings to the model, nearthe forward and aft perpendiculars, repectively. The forward string potentiometer location was 1.75

inches (4.45 cm) forward of the forward perpendicular. The aft string potentiometer location was 221.85
inches (563.50 cm) aft of the forward string potentiometer location and 4.06 inches (10.3 cm) aft of the
aft perpendicular.
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The vertical displacements at the forward and aft perpendiculars are presented in Table 6. In
order to compare data with the string potentiometers attached to the model at slightly different locations,
and with different scale models tested at other facilities, the trim data has been plotted as a trim
coefficient. This trim coefficient non-dimensionalizes the vertical displacements at the forward and aft
perpendicular by the half-length of the model. The data obtained as part of this experiment are plotted
along with historic trim coefficient data in Figure 10.

Table 6 - Model 5365 Average Trim Data

Froude Full-Scale Model-Scale Forward Aft
Number Speed Speed Perpendicular Perpendicular

(m/s (ft/s, (m/s (ft/s, knots)) Vertical Vertical

knots)) Displacment Displacment

(cm(in)) (cm(in))

+ bow up, - bow + stern up, - stern
down down

0.14 3.1 (10.1, 6.0) 1.08 (3.53, 2.09) -0.150 (-0.059) -0.094 (-0.037)

0.21 4.6 (15.2, 9.0) 1.62 (5.40, 3.14) -0.401 (-0.158) -0.386 (-0.152)

0.25 5.4 (17.7, 10.5) 1.88 (6.17, 3.66) -0.488 (-0.192) -0.599 (-0.236)

0.29 6.2 (20.3, 12.0) 2.15 (7.06, 4.18) -0.551 (-0.217) -0.923 (-0.366)

0.36 7.7 (25.3, 15) 2.69 (8.83, 5.23) -0.662 (-0.261) -1.615 (-0.636)

0.43 9.3 (30.4, 18) 3.22 (10.58,6.27) 0.980 (0.386) -4.166 (-1.640)

0.53 11.3 (37.1, 22) 3.94 (12.95, 7.67 3.98 (1.566) -6.292 (-2.477)

0.62 13.3 (43.5, 4.62 (15.16, 8.99) 5.25 (2.068) -6.311 (-2.485)

25.8)

0.72 15.4 (50.6, 5.37 (17.63, 10.45) 5.76 (2.270) -5.766 (-2.270)

30.0)

0.83 18.0 (59.1, 35) 6.27 (20.57, 12.19) 5.76 (2.270) -5.298 (-2.086)
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Model 5365 Historic Trim Coefficient Data
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Figure 10 - Historic Trim Coefficicent Data

Longitudinal Wave Cuts

Longitudinal wave cuts were obtained using a modified and strengthened capacitance wave
probe system, developed and constructed at NSWC. These wave cuts resulted in four off-body wave
time-histories for each chosen speed. The data from the outer most probe was used to calculate wave
pattern resistance.

Theory of Operation
The sensing element of the capacitance probe is a 30-gauge (AWG) solid silver-plated copper

wire with 0.11 mm (0.045 in) kynar insulation, approximately 91 cm (36 in) in length. Attached to the
sensing element is a weighted 1.2 m (4 ft) length of Mylar fishing line, used to provide probe stability
in waves. The sensing element is suspended with half its length submerged in the basin. The basin
water provides the ground reference for the sensing elements on the circuit card. With the copper wire
completely insulated from the water, the sensing element behaves as a capacitor with one plate being
the copper wire, the second plate the water, and the wire insulation acting as a dielectric. As waves in
the basin change the submerged height of the sensing element, they change the effective capacitor
plate size, which results in a change in capacitance. The change in capacitance is proportional to the
wave height, which can then be calculated. By attaching the wave wire, a varying capacitor, to a
timing circuit, a DC voltage is generated that is directly proportional to the capacitance of the probe
and therefore, the wave height.
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Experimental Setup
A truss section (wave boom), cantilevered from the basin wall over the water, provides a

structure from which instrumentation is mounted, as shown in Figure 11. The wave boom extends 6.83
m (22.4 ft) from the basin wall, which is approximately 0.91 m (3 ft) short of the basin centerline.
Mounted vertically on the wave boom is a motorized unislide traverse with an attached horizontal bar.
The capacitance probes' electronics are mounted on the horizontal bar of the unislide. The unislide
allows precise placement of the probes' vertical position, or probe emergence, used during static
calibration of the probes. Four probes were used for this experiment. The position of the probes is
referenced to the model centerline, with probe #1 being the closest inboard and probe #4 the farthest
outboard. The probes' positions from the centerline of the model are given in Table 7.

Table 7 - Capacitance Probe Transverse Position

Probe # Distance from
Centerline (m (ft)) y/BT

1 0.60 (1.98) 0.86
2 1.05 (3.45) 1.50
3 1.40 (4.60) 2.00
4 1.75 (5.75) 2.50

BT = Maximum transom beam = 0.70 m (2.3 fIt)

Figure 11 - The Wave Boom with Capacitance Wave Probes Attached
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A photosensor is set to trigger data collection when the forward perpendicular of the model is a
predefined distance (7.6 m (25.0 ft) in this case) from the capacitance probes. A 133-MHz Pentium-
class personal computer, using an ADC488 16-bit analog-to-digital (A/D) converter, collects and
stores the data.

The chief limitations of the capacitance probes are that the maximum wave height can exceed
the sensing element range, and that a clearly defined water surface is required (i.e., spray or foam will
not produce an accurate reading). They have been extensively validated and successfully utilized in
numerous experiments over the years.

Calibration
In-situ calibrations are performed after the completion of the test setup. To calibrate the

probes, the motorized unislide is traversed in 2.54-cm (1-in) increments for a total range of +/- 7.62
cm (3 in). Data are collected at each increment step for each of the probes. A straight line fit is
performed and a slope is calculated and stored for each probe. An in-situ calibration allows for the
calibration of the probes, the signal conditioning amplifiers, and the A/D together as a system.

Operating Procedures
Probe zeroes are collected in calm water before each run. The model is then run through the

test section, past the probes, at a constant speed. As the model approaches the test section, a strip of
reflective tape positioned on the carriage triggers a photosensor placed at the side of the basin which
starts data collection. The position of the photosensor and the duration of data collection were
adjusted to ensure that the maximum amount of data was collected before tank wall reflections
occurred. Data were filtered at 10 Hz with a 3 pole Bessel filter and collected at a sampling rate of
100 Hz for 20 to 30 seconds, depending on model speed.

Presentation and Discussion of Longtudinal Wave Cut Data
Longitudinal wavecuts were obtained at ten model scale speeds, corresponding to their

respective full scale speeds detailed in Table 8. The time histories of the wave cut records are
presented in Appendix A. The longitudinal wave cut records were analyzed using wave cut analysis
software coded at NSWC and based on the longitudinal wave cut theory of Eggers, Sharma and Ward.
(8) This analysis yields wave resistance coefficients, across the speed range. These wave resistance
coefficients are also presented in Table 8. A plot of the wave resistance versus Froude number is
shown in Figure 12. The wave resistance for this hull form reaches a peak near Fn=0.5. This is
consistent with fundamental wave resistance calculations by Wigley, which showed a final maxima in
the Cw curve (for the Wigley hull form) at Fn=0.476.

13



Table 8 - Longitudinal Wave Cut Data Obtained on Model 5365

Froude Number Full-Scale Model-Scale Speed Run No. Average Cw (with
Speed (m/s (ft/s, knots)) Truncation

(m/s (ft/s, correction)

knots))

0.14 3.1 (10.1, 6.0) 1.08 (3.53, 2.09) 11,19 0.034

0.21 4.6 (15.2, 9.0) 1.62 (5.40, 3.14) 12, 20 0.254

0.25 5.4 (17.7, 10.5) 1.88 (6.17, 3.66) 13, 21 0.428

0.29 6.2 (20.3, 12.0) 2.15 (7.06, 4.18) 14, 22 0.598

0.36 7.7 (25.3, 15) 2.69 (8.83, 5.23) 15, 23 1.14

0.43 9.3 (30.4, 18) 3.22 (10.58,6.27) 10, 24 2.288

0.53 11.3 (37.1, 22) 3.94 (12.95, 7.67 9, 25 2.365

0.62 13.3 (43.5, 25.8) 4.62 (15.16, 8.99) 16, 26 1.834

0.72 15.4 (50.6, 30.0) 5.37 (17.63, 10.45) 18, 27 1.954

0.83 18.0 (59.1, 35) 6.27 (20.57, 12.19) 8, 28 0.947

Model 5365 Cw (with truncation correction)

2.5

S 1.5 ( 8n
1*-- Cw (v~th twrunation)

00.5-

0-1
0 0.2 0.4 0.6 0.8 1

Froude Number

Figure 12 - Model 5365 Wave Resistance Coefficient (Cw) Versus Froude Number
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Bow Wave Photographs

A series of bow wave still photographs were obtained on the model during the free-to-sink-
and-trim condition. A Nikon F5 still camera with a DCS 620 Digital back was attached to the underside
of the carriage and remotely triggered from a laptop computer on the carriage. The resulting
photographs, obtained over a speed range corresponding to full scale speeds from 0 knots to 35 knots
are documented in Appendix B. The waterlines marked on the model are 1 inch (2.54 cm) apart. Figure
13 shows an example of one of the still photographs.

Figure 13 - Bow wave at 7.67 knots (12.95 fps) model scale corresponding to 22 knots
(37.13 fps) full scale; Vertical Displacement at FP=- 1.56 in (3.96 cm); Vertical

Displacement at AP=- -2.48 in (-6.30 cm)

Conclusions

This current set of data obtained on Model 5365 both added to the historical set of data which
had been gathered on this model since 1979, and served to resolve some discrepancies in the previous
set of resistance data, obtained in 2004. The in-situ calibration performed with this recent set of data,
showed that, although there was some drag force felt at the grasshopper bracket, it was less than 4 %
of the total drag force. This would not have accounted for the large discrepancy in drag observed in
the 2004 data. It is more likely that there was some type of binding in either the grasshopper or at the
tow post which resulted in the abnormally low drag measured in 2004. The in-situ calibration
procedures that will be adopted for future carriage tests will insure that this problem does not reoccur.

The other data obtained as part of this experiment, including sinkange and trim and
longitudinal wave cuts, complemented the existing historic data, providing a comprehensive set of
data well-suited to comparison to numerical code predictions. The Froude number range over which
this data was obtained results in a data set which represents a naval combatant-type hull form
operating at both displacement and planing speeds.

Finally, the still photographs taken at the bow of the model detail the evolution of the bow
wave and the contact line along the hull over a well-resolved speed range. The three-dimensional
nature of the bow wave and its subsequential breaking is well-documented in these photos.
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Appendix A

Wave Cut Time Histories
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Figure A-i
Longitudinal wavecuts obtained at 2.09 knots (3.53 fps) model scale

corresponding to 6 knots (10.1 fps) full scale
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Figure A-3
Longitudinal wavecuts obtained at 3.66 knots (6.17 fps) model scale

corresponding to 10.5 knots (17.7 fps) full scale
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Figure A-4
Longitudinal wavecuts obtained at 4.18 knots (7.00 fps) miodel scale

corresponding to 12 knots (20.3 fps) full scale
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Longitudinal wavecuts obtained at 5.23 knots (8P83 fps) model scale

corresponding to 15 knots (25.3 flps) full scale
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Longitudinal wavecuts obtained at 6.27 knots (10.58 fps) model

scale corresponding to 18 knots (30.4 fps) fuN scale
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Figure A-7
Longitudinal wavecuts obtained at 7.67 knots (12.95 fps) model

scale corresponding to 22 knots (37.13 fps) full scale
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Figure A-S
Longitudinal wavecuts obt.ined at 8.99 knots (15.16 fps) model

scale corresponding to 25.8 knots (43.5 fps) full scale
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Figure A-9
Longitudinal wavecuts obtained at 10.45 knots (17.63 fps) model

scale corresponding to 30 knots (50.6 fps) full scale
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Appendix B

Bow Photo Sequence of
Model 5365 towed in Calm Water
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Figure B-1 - Bow wave at 0 speed;
Vertical Displacement at FP=O inches; Vertical Displacement at AP=O inches

Figure B-2 - Bow wave at 2.09 knots (3.53 fps) model scale corresponding to 6 knots (10.1 fps) full scale;
Vertical Displacement at FP= -0.059 in (-0.15 cm); Vertical Displacement at AP= -0.036 in (-0.09 cm)
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Figure B-3 - Bow wave at 3.14 knots (5.3 fps) model scale corresponding to 9 knots (15.2 fps) full scale;
Vertical Displacement at FP=- -0.158 in (-0.401 cm); Vertical Displacement at AP= -0.154 In (-0.391 cm)

Figure B4 - Bow wave at 3.66 knots (6.17 fps) model scale corresponding to 10.5 knots (17.7 fps) full
scale; Vertical Displacement at FP=- -0.192 in (-0.488 cm); Vertical Displacement

at AP= -0.235 in (-0.597 cm)
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Figure B-5 - Bow wave at 4.18 knots (7.06 fps) model scale corresponding to 12 knots (20.3 fps) full scale;
Vertical Displacement at FP-- -0.217 in (-0.551 cm); Vertical Displacement at AP-- -0.366 in (-0.930 cm)

Figure B-6 - Bow wave at 5.23 knots (8.83 fps) model scale corresponding to 15 knots (25.3 fps) full scale;
Vertical Displacement at FP= -0.261 in (-0.663 cm); Vertical Displacement at AP= -0.636 in (-1.62 cm)
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Figure B-7 - Bow wave at 6.27 knots (10.58 fps)model scale corresponding to 18 knots (30.4 fps) full scale;
Vertical Displacement at FP-- 0.387 in (2.60 cm); Vertical Displacement at AP-- -1.67 in (-4.24 cm)

Figure B-8 - Bow wave at 7.67 knots (12.95 fps) model scale corresponding to 22 knots (37.13 fps) full
scale; Vertical Displacement at FP-- 1.56 in (3.96 cm); Vertical Displacement at APl -2.48 in (-6.30 cm)
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Figure B-9 - Bow wave at 8.99 knots (15.16 fps) model scale corresponding to 25.8 knots (43.5 fps) full
scale; Vertical Displacement at FP= 2.07 in (5.26 cm); Vertical Displacement at AP= -2.48 in (-6.30 cm)

Figure B-10 - Bow wave at 10.45 knots (17.63 fps) model scale corresponding to 30 knots (50.6 fps) full
scale; Vertical Displacement at FP= 2.27 in (5.77 cm); Vertical Displacement at AP= -2.27 in (-5.77 cm)
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Figure B-1 I - Bow wave at 12.19 knots (20.57 fps) model scale corresponding to 35 knots (59.07 fps) full
scale; Vertical Displacement at FP=- 2.27 in (5.77 cm); Vertical Displacement at AP= -2.09 in (-5.31 cm)
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